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Abstract. The purpose of the present studies was to determine the best replacement level of corn by 
triticale in diets for broilers and effects of different levels of triticale in the diet on production performance, 
economic efficiency and carcass characteristics of broiler. Substituting 30% of the corn in the feed for triticale 
did not significantly change the production performances of chickens, but the 60% substitution ratio negatively 
influenced weight gain, feed intake and the degree of feed capitalization. The high presence of triticales in the 
feed of broiler chicken led to the decrease of slaughter output and to the deterioration of carcass fat quality, in 
the sense that the heft of saturated fatty acids increased, at the expense of polyunsaturated ones. Moreover, a 
significant increase in the viscosity of the intestinal chyle was recorded when triticales were present in the feed, 
which reduced the speed of intestinal transit and, accordingly, the daily intake and the degree of feed 
capitalization. The costs for fodder needed to obtain a 1 kg weight gain or a 1 kg carcass meat were 5.25 – 9.69% 
lower and respectively 4.43 – 7.30% lower by substituting 30% and respectively 60% of the corn in the feed for 
triticales. 
 
INTRODUCTION 
 
Triticale is an alternative cereal grain that is a hybrid of wheat and rye. These species 
were crossed with the intention of producing a grain with the feeding characteristics of wheat 
and the winter hardiness, drought and disease resistance of rye (Boros, 1999; Korver, 2004). 
Triticale has an excellent productivity potential (Vohra et al., 1991; Korver et al., 2004) and a 
greater flexibility to adapt to difficult agronomic conditions than wheat. 
Triticale possesses nutritional qualities very similar to those of wheat, though it has a 
higher lysine content and better mineral balance. Triticale’s good protein digestibility and its 
high content of essential amino acids make it a suitable substitute for most cereal grains used 
in poultry feed diets. Triticale are rich in nonstarch polysaccharides (NSP; dietary fiber) that 
comprise a major part of dietary CF. Non-starch polysaccharides are a heterogeneous group of 
polysaccharides having degrees of water solubility, size, and structure and are not digested by 
the avian digestive tract (Pettersson, et al. 1988; Choct et al., 1992, Santos, 2006). 
Numerous studies using more recently developed cultivars have demonstrated triticale’s 
potential role as a substitute for maize, barley and wheat in livestock feed without any 
significant detrimental effect on feed intake, digestibility, or performance (Lotfallahian, 1999; 
Santos et al., 2007; Azmal, et al., 2004; Hermes, et al., 2004; Korver, et al., 2004; Pourreza et 
al., 2007). 
The purpose of the present studies was to determine the best replacement level of corn 
by triticale in diets for broilers and effects of different levels of triticale in the diet on 
production performance, economic efficiency and carcass characteristics of broiler. 
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MATERIAL AND METHODS 
 
a) Biological material and setting of the experiment 
           The experiment was performed in production conditions on 150 day old broiler 
chickens, 308 Ross hybrid, randomly distributed in 3 lots of 50 heads each.  
 Each lot was held in separate hen-runs, the density being of 15 chickens/m2. During 
the experimental period, microclimate conditions in agreement with the age were ensured, 
whereas food and water were supplied in abundance.  
b) Feeding 
The chickens’ feed in the 3 experimental lots contained combined isocaloric and 
isoproteinic fodder in accordance with the stage of development: starter (1-14 days), growth 
(15-35 days) and finishing (36-42 days). The main difference between the 3 experimental lots 
was represented by the cereal used in the structure of the combined feed, thus: in the reference 
lot, corn was used as the sole cereal; in the second lot, 30% of the corn was replaced by 
triticale; whereas in the third lot 60% of the corn was replaced by triticale (table 1). 
Table 1 
Structure and calculated nutritional value of diets used in trial 
 
Starter (0-14 days) Growing (15-35 days) Finished (36-42 days) 
Level of substitution of corn for triticale: 
 
Issue 
0% 30% 60% 0% 30% 60% 0% 30% 60% 
a) Diets structure (% of weight) 
Maize 56,8 39,8 22,8 62,6 43,80 25,00 65,3 45,7 26,1 
Triticale - 17,00 34,00 - 18,80 37,60 - 19,6 39,2 
Soy meal 33,23 31,74 30,26 30,50 29,25 27,64 28,0 26,32 24,58 
Fish meal 3,0 3,0 3,0 - - - - - - 
Sunflower oil 3,0 4,1 5,3 3,0 4,2 5,8 3,0 4,6 6,4 
Calcium carbonate 0,70 0,80 0,86 0,78 0,80 0,84 0,70 0,81 0,83 
Dicalcium phosphate 1,62 1,84 2,01 1,50 1,47 1,39 1,40 1,37 1,29 
Salt 0,40 0,40 0,40 0,40 0,40 0,40 0,40 0,40 0,40 
Lysine HCl 0,03 0,07 0,10 0,02 0,05 0,08 - - - 
DL-methionine O,22 0,25 0,27 0,20 0,23 0,25 0,20 0,20 0,20 
Vitamin-mineral premix* 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 
T O T A L 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00 100,00 
b) Calculated nutritional value 
Met. Energy (kcal/kg)  3030 3100 3150 
Crude protein (%) 22,60 20,20 19,10 
Lysine total (%) 1,35 1,15 0,98 
Meth. + Cist. Total (%) 0,94 0,85 0,75 
Crude fat (%) 5,81 6,0 6,3 
Ca (%) 0,97 0,95 0,85 
P (%) 0,78 0,80 0,68 
* - structure of vitamin and mineral premix differs by each experimental period. 
  
In order to balance the energy-protein scale of the combined feed, the crude chemical 
composition of the 2 cereals was established and their energy value was calculated (table 2). 
Compared to corn, triticale is characterized by a greater content of crude protein (11.8% CP, 
compared to 8.3% CP in corn), a greater biological value (0.40% lysine compared to 0.31% 
lysine in corn), but its energy value is 7.14% lower compared to that of corn (3120 kcal 
EM/kg while 3360 kcal EM/kg in corn). 
 c) Productive performances 
The chicks were individually weighed at the age of one day, when they were randomly 
distributed in lots and afterwards, at the end of each experimental stage. The quantity of 
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consumed combined feed was recorded during each phase, based on which the daily intake 
was established, respectively the degree of the food’s capitalization (kg feed/kg gain). The 
results were statistically processed. 
Table 2 
Comparative composition of triticale and maize grain (%) 
 
Item Triticale Maize 
Dry matter (%) 
Crude protein (%) 
Lysine (%)* 
Methionine (%) 
Crude fibre (%) 
Acid detergent fibre (%) 
Neutral detergent fibre (%) 
Crude fat (%) 
Ca (%) 
P (%) 
Metabolizable energy: - kcal/kg grain 
                                     - kcal/kg DM 
87,9 
11,8 
0,400 
0,210 
2,7 
3,9 
13,7 
1,9 
0,17 
0,35 
3120 
3550 
86,4 
8,3 
0,310 
0,149 
1,8 
2,6 
9,4 
2,9 
0,08 
0,28 
3360 
3890 
* Lysine = 0,159 + 0,0209CP; Methionine = 0,027 + 0,0147CP. Sursa: Degussa, 2001  
 
d) Chemical analyses 
The crude chemical composition of the two cereals (corn and triticale) used in the 
chicks’ food was established according to the Van Soest method, while the composition of the 
meat was determined by using the Weende method.  
At the age of 42 days, 10 chicks from each lot were slaughtered (5♂ and 5♀), 
establishing the slaughter output and the proportion of abdominal fat. Based on samples 
extracted from the ileum, the viscosity of the intestinal chyle was determined by using the 
Brookfield viscometer. Individual samples of breast meat were collected in order to establish 
the fatty acid structure of the contained lipids. An average sample was created for each lot, 
based on which the saturated, monounsaturated and polyunsaturated acids were determined, 
in two repetitions. The extraction of total fat out of the average meat samples was performed 
with the aid of excess chloroform – methanol solution (2:1). Qualitative determinations were 
made as metal esters, by means of gas-chromatography, with the aid of a Parker-Elemer type 
appliance. 
RESULTS AND DISCUSSIONS 
 
a) The influence of replacing corn with triticale on the production performances of meat 
chicks.  
The data presented in table 3 demonstrates that replacing 30% of the corn with triticale 
did not significantly influence the performances of meat chicks. Increasing the degree of 
substitution of corn for triticale to 60% led to the significant decrease of the chicks’ 
production performances as follows: the average final weight was 213 g/chicken lower, the 
average daily feed consumption was 225 g/chicken lower throughout the entire period, 
whereas the specific consumption was 4.7% higher, respectively 2,103 kg feed/kg gain, 
compared to 2,008 kg feed/kg gain, that is the value recorded in the lot in which corn was 
used as the sole cereal.  
b) The influence of replacing corn with triticale on the carcass characteristics of meat.  
Control slaughters revealed that replacing corn with triticale has a negative influence on 
the main slaughter indices and on carcass characteristics, especially when the level of 
substitution of corn was high (60%). The high level of triticale present in meat chickens’ feed 
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led to the decrease of the slaughter output, due to the increasing heft of the gastrointestinal 
mass in the live weight of the chicks. This aspect is due to the fact that triticales are rich in 
NSP (Santos, 2006), which led to the significant boost of viscosity of the intestinal chyle 
(table 4), which ultimately rendered more difficult the evacuation of the digestive tract during 
the abstention from food that precedes the slaughter (12 hours).  
Table 3 
The effect of replacing corn with triticale on broiler chickens’ production performances  
 
Level of substitution of corn for triticale Specification Age 
(days) 0% 30% 60% 
SEM* 
 
Weight gains 
(g/bird) 
0 – 14 
14 – 28 
28 – 42 
0 - 42 
330,1a 
804,1a 
1212,3 
2346,7a 
314,9ab 
764,2a 
1187,2 
2266,5a 
299,9b 
682,5b 
1151,4 
2133,2b 
6,76 
13,19 
26,2NS 
33,2 
Average daily 
weight gain 
(g/day) 
0 – 14 
14 – 28 
28 – 42 
0 - 42 
20,78 
57,43 
86,57 
54,93 
19,68 
54,58 
84,78 
53,01 
18,65 
48,75 
82,21 
49,87 
- 
- 
- 
- 
 
Feed intakes 
(g/bird) 
0 – 14 
14 – 28 
28 – 42 
0 - 42 
508,4 
1506,1a 
2696,2 
4711,7a 
516,4 
1452,1a 
2694,4 
4663,9ab 
496,1 
1353,2b 
2637,5 
4486,8b 
12,41NS 
29,0 
51,8NS 
68,7 
Average feed 
daily 
consumption 
(g/day) 
0 – 14 
14 – 28 
28 – 42 
0 - 42 
36,31 
107,57 
192,57 
112,16 
36,88 
103,71 
192,43 
111,02 
35,49 
96,64 
188,36 
106,81 
- 
- 
- 
- 
Feed conversion 
ratios (kg 
feed/kg gain) 
0 – 14 
14 – 28 
28 – 42 
0 - 42 
1,5435 
1,8765a 
2,2224 
2,008a 
1,6480 
1,9007a 
2,2770 
2,060ab 
16637 
1,9820b 
2,2939 
2,103b 
0,0444NS 
- 
0,043NS 
- 
* Values with no common superscript differ significantly (p < 0,05)    
Table 4 
The effect of substituting corn for triticale on the main slaughter indices and  
on the viscosity of the intestinal chyle 
 
Level of substitution of corn for triticale - % Specification 
0% 30% 60% 
Carcass performance (%) - absolute 
- relative 
78,31a 
100,00 
78,74a 
100,55 
76,12ab 
97,20 
Commercial output (%) - absolute 
- relative 
82,21a 
100,00 
81,48a 
99,11 
80,04ab 
97,36 
Heft of intestines (%) - absolute 
- relative 
5,27a 
100,00 
5,98a 
113,47 
6,88ab 
130,55 
Abdominal fat (%) - absolute 
- relative 
2,11a 
100,00 
2,17a 
102,84 
2,78b 
131,75 
Viscosity of intestinal content 
(cps) 
- absolute 
- relative 
2,40a 
100,00 
3,65b 
152,08 
6,15ab 
256,25 
  Values with no common superscript differ significantly (p < 0,05)    
 
Substituting corn for triticale in chicks’ feed did not determine significant changes in 
the chemical composition of breast and thigh meat, however there was a certain rise in the 
protein content and a decrease in the fat content of chickens from the lots in which triticales 
were used in the feed (table 5). Essential changes were recorded regarding the fatty acids 
structure of breast meat lipids. The highest quality of breast fat, considered according to its 
influence on human health, characterized by a high content of polyunsaturated fatty acids and 
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a low content of saturated fatty acids, was recorded in the case of chicks whose feed had corn 
as the only cereal. The substitution of corn for triticale in the feed led to the worsening of 
carcass fat quality (table 6). 
 Table 5 
Chemical composition in broiler breast and upper legs meat 
 
Level of substitution of corn for triticale - % 
0% 30% 60% 
 
Parameter 
breast upper leg breast upper leg breast upper leg 
Dry matter (%) 
Crude protein (%) 
Crude fat (%) 
Ashes (%) 
92,71 
83,76 
3,74 
3,75 
92,12 
73,48 
14,37 
4,18 
91,24 
85,09 
3,12 
4,05 
91,87 
76,07 
12,81 
3,72 
90,15 
86,12 
2,98 
4,10 
91,10 
77,14 
11,95 
4,17 
Table 6 
Composition of fatty acids in breast meat (% of total fatty acids) 
 
Level of substitution of corn for triticale Fatty acid 
0% 60% 
SEM p - value 
Lauric, C12:0 
Myristic, C14:0 
Pentadecatoic, C15:0 
Palmitic, C16:0 
Stearic, C18:0 
Total SFA 
0,09 
1,56 
0,04 
26,32 
5,69 
33,70a 
0,08 
1,51 
0,05 
27,58 
6,04 
35,26b 
0,003 
0,062 
0,004 
0,816 
0,751 
0,921 
0,207 
0,662 
0,083 
0,465 
0,955 
0,624 
Palmitoleic, C16:1 
Oleic, C18:1 
Eicosenoic, C20:1 
Total MUFA  
4,90 
30,63a 
0,64a 
36,17a 
5,36 
35,01b 
0,84b 
41,21b 
0,131 
1,016 
0,059 
1,374 
0,081 
O,966 
0,047 
0,663 
Linoleic, C18:2 
Linolenic, C18:3 
Eicosadienoic, C20:2 
Eicosatrienoic, C20:3 
Docosapentaenoic, C20:5 
Arachidonic, C20:4 
Total PUFA 
23,60a 
1,30 
0,62 
0,52 
0,14 
3,95a 
30,13a 
19,33b 
1,26 
0,53 
0,33 
0,08 
2,00b 
23,53b 
1,008 
0,016 
0,046 
0,007 
0,06 
0,058 
1,036 
0,038 
0,214 
0,437 
0,773 
0,619 
0,426 
0,039 
Total unsaturated fatty acids 66,30 64,74 0,381 0,146 
Saturated/unsaturated 0,508a 0,545b 0,023 0,663 
MUFA/PUFA 1,20a 1,75b 0,087 0,895 
C18:2/C18:3* 18,15a 15,34b 0,751 0,932 
SFA = saturated fatty acids; MUFA = monounsaturated fatty acids; PUFA = polyunsaturated fatty acids;  
* ratio is very important in human nutrition, because fats are rich in C18:2 (linoleic acid) and poor in C18:3 
(linolenic acid), generally the recommended ratio in rational human nutrition is of 5/1 (Niac, 2004). 
 
c) The influence of replacing corn with triticale on the economic efficiency of chicken 
feeding.  
Triticales are about 38% cheaper than corn (0.51 RON, whereas corn costs 0.82 RON), 
thus by introducing them in the structure of the combined fodder and replacing corn, the price 
of a kg of fodder decreased by 8 – 14% (table 7). Therefore, the costs for fodder needed to 
determine a one kg weight gain are 5.25% lower if 30% of the corn is replaced by triticale and 
9.69% lower when triticales replace 60% of the corn. Even though introducing triticales in the 
chicks’ feed led to the reduction of the slaughter output, the costs for fodder per 1 kg of 
carcass meat were lower in the lots that received triticales in their feed. Thus the substitution 
of corn for triticale led to the reduction of such costs by 4.43% when the substitution ratio was 
of 30% and respectively by 7.30% in the 60% substitution ratio. 
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Table 7 
The influence of replacing corn with triticale on the economic efficiency of chicken feeding 
 
Level of substitution of corn for triticale Specification 
0% 30% 60% 
Average price of feed*:     -      Ron/kg 
- Euro/kg 
- % 
1,294 
0,370 
100,00 
1,187 
0,342 
91,74 
1,109 
0,319 
85,71 
Costs of feed/chick:           -     Ron/chick 
- Euro/chick 
- % 
6,096 
1,743 
100,00 
5,535 
1,595 
90,79 
4,975 
1,431 
81,61 
Costs of feed/kg gain:             -  Ron/kg 
      -  Euro/kg 
      -  % 
2,598 
0,743 
100,00 
2,445 
0,704 
94,75 
2,332 
0,671 
90,31 
Costs of feed per kg of carcass meat**:                        
                                           -      Ron/kg 
- Euro/kg 
- % 
 
3,160 
0,904 
100,00 
 
3,000 
0,8640 
95,57 
 
2,913 
0,838 
92,70 
* - prices valid in June 2008; ** - calculated according to the commercial output. 
 
CONCLUSIONS 
  
1. Substituting 30% of the corn in the feed for triticale did not significantly change the 
production performances of chickens, but the 60% substitution ratio negatively influenced 
weight gain, feed intake and the degree of feed capitalization.  
2. The high presence of triticales in the feed of broiler chicken led to the decrease of 
slaughter output and to the deterioration of carcass fat quality, in the sense that the heft of 
saturated fatty acids increased, at the expense of polyunsaturated ones. Moreover, a 
significant increase in the viscosity of the intestinal chyle was recorded when triticales were 
present in the feed, which reduced the speed of intestinal transit and, accordingly, the daily 
intake and the degree of feed capitalization.  
3. The costs for fodder needed to obtain a 1 kg weight gain or a 1 kg carcass meat were 5.25 
– 9.69% lower and respectively 4.43 – 7.30% lower by substituting 30% and respectively 
60% of the corn in the feed for triticales. 
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